Background: Desmoid tumor and leiomyoma are abdominal wall tumors with similar clinical, radiographic, and histological features. However, differentiation between these two diseases is important because each may be linked to different systemic diseases, and their managements are entirely different. We proposed that misdiagnosis is possible in some cases. Patients and Methods: Between 1983 and 2010, patients with a history of uterine surgeries and diagnosed with either abdominal wall desmoid tumors or leiomyomas were studied. All the images reviewed by an independent radiologist and surgical specimen were reexamined by immunohistochemistry (IHC) techniques as a standard method to confirm the diagnoses. Results: Fifteen female patients (desmoid tumors, n = 10; leiomyomas, n = 5) were included. The diagnosis of IHC revealed that two cases initially thought to be leiomyomas were desmoid tumors, whereas the remaining 13 cases maintained their initial diagnoses. The accuracy of hematoxylin and eosin staining was 86.7%. All tumors excised without complications, except for one desmoid tumor that recurred and underwent another excision. Conclusion: Preoperative magnetic resonance imaging (MRI) can be considered to differentiate the two diseases, as well as the elimination of other associated systemic diseases should be performed routinely. If MRI is inaccessible or unavailable, preoperative fine-needle biopsy is recommended. Optional IHC staining is required if the primary histological assessment is equivocal or inconclusive.
INTRODUCTION
Abdominal wall leiomyomas are extremely rare and are thought to originate from ectopic implantation of uterine tissue after uterine surgery, such as cesarean section (C/S), hysterectomy, or uterine myomectomy. On the other hand, most abdominal wall tumors are desmoid tumors. [1] [2] [3] [4] Clinically, they both occur predominantly in females, especially during their reproductive years, and in association with a history of abdominal or pelvic surgery. Radiologically, both magnetic resonance imaging (MRI) and computed tomography (CT) are useful in the evaluation of the size, extent, and the relation of these lesions to the adjacent structures. Although MRI can effectively differentiate desmoid tumors from leiomyomas, its high-cost and time-consuming nature may block it to become a routinely ordered screening test. [5] Histologically, leiomyomas come from the overgrowth of smooth muscle cells, whereas desmoid tumors originate from clonal proliferation of fibroblasts. At times, it can be difficult to distinguish desmoid tumors from leiomyomas based on cell morphology alone using hematoxylin and eosin (H and E) stain because they look extremely similar; consequently, misdiagnosis may occur. Immunohistochemical (IHC) stain can be a helpful verification test because leiomyomas stain results positive for smooth muscle actin, whereas desmoid tumors stain negative. Although studies of these two stains are critical in the diagnosis of these two rare diseases, they are not routinely performed in clinical practice due to cost-effectiveness.
Any misdiagnosis may have significant clinical implications because both abdominal wall leiomyomas and desmoid tumors may present as part of a systemic disease. Desmoid tumors can be sporadic or a part of familial adenomatous polyposis (FAP), and abdominal wall leiomyomas can also be a part of hereditary leiomyomastosis and renal cell cancer syndrome (HLRCCS), leiomyomastosis peritonealis disseminate (LPD), and human immunodeficiency virus (HIV) infection. [6] [7] [8] Therefore, diagnosis must be made accurately because the clinical course, treatment, and outcome are completely different between these two diseases. Even if desmoid tumors or leiomyomas are proven to be the sporadic type, their treatments are still different. Although surgical resection is the gold standard for both diseases, desmoid tumors usually require a much wider margin of resection to ensure tumor clearance and to minimize recurrence because they tend to infiltrate into the adjacent fascia and muscle. [9] Adjuvant therapy such as radiotherapy, chemotherapy, and endocrine therapy can be used to treat local recurrences, or positive resection margin if operation is not indicated. [10, 11] On the other hand, abdominal wall leiomyomas only require simple excision without the need for any adjuvant therapy. [12] To the best of our knowledge and research, there is no published literature discussing the similarity and the difficulty in differentiating between these two diseases. In order to confirm the diagnoses of these two diseases, we performed IHC stain as the final diagnoses comparing with the H and E stain. We also reviewed the medical history of the enrolled patients, including the interval of diagnosed abdominal wall leiomyomas or desmoid tumors to abdominal intervention and type, and the clinical outcomes. In this article, we share our clinical experience and try to figure out the best way to deal with these two abdominal tumors.
PATIENTS AND METHODS
Between 1983 and 2010, all patients with diagnosed abdominal wall desmoid tumor or leiomyoma (by H and E stain) were enrolled in the study at Chang-Gung Memorial Hospital. However, in order to equalize the condition between these two groups, only females with a history of uterine surgery were selected in the study.
A total of ten patients with desmoid tumors and five patients with leiomyomas were included in our study. Demographic data including sex, age, timing and the type of previous uterine intervention, the results of H and E staining, related systemic diseases, and clinical outcome were all collected. The types of uterine interventions included C/S, myomectomy, and hysterectomy. All pathologic specimens were re-examined by IHC staining to compare with the previous diagnosis made by H and E stain.
RESULTS
Fifteen female patients with a median age of 31 years (range, 26-56 years) were enrolled in the study and their characteristics are shown in Table 1 . On CT scan, leiomyomas are typically well defined with strong enhancement after contrast administration, but desmoid tumors may be hypodense, isodense, or hyperdense to muscle densities both before and after contrast administration [ Figure 1 ]. All surgical specimens confirmed the diagnoses by IHC. The desmoid tumors were composed of slender spindle cells but did not contain smooth muscle actin, with bland nuclei in a collagenous stroma. Furthermore, they are usually poorly circumscribed with infiltrative borders as shown in Figure 2a . On the other hand, leiomyomas were composed of spindle cells that contain smooth muscle actin, with blunt-ended nuclei and eosinophilic cytoplasm without a collagenous stroma. They are also usually well circumscribed [ Figure 3a ]. Although these two tumors can be usually distinguished using routine H and E stain (by the different appearance of their spindle cell morphology and stroma), some cases contain morphological characteristics of both tumors, rendering the correct diagnosis difficult, as demonstrated in the case shown in Figure 4a . Desmoid tumors, which stain negative for smooth muscle actin [ Figure 2b ], can readily be distinguished from leiomyomas, which stain positive for smooth muscle actin [ Figure 3b ]. In our series, two cases of previously diagnosed leiomyomas were overturned after IHC stain verification [ Figure 4b ]. The IHC staining revealed that two out of the five "diagnosed" leiomyomas by previous H and E stain were overturned and verified to be desmoid tumors after IHC stain validation. Meanwhile, after IHC staining, all the ten cases of desmoid tumors maintained their initial pathological diagnoses. Out of the ten desmoid tumor cases, only one was FAP, whereas all others were of sporadic type. In addition, only one case of abdominal wall leiomyoma was LPD, with the remainder being of sporadic type. All patients underwent excision with clear surgical margins and no immediate postoperative complications. One case of desmoid tumor recurred and underwent another surgical excision. 
DISCUSSION
To the best of our knowledge, the references of abdominal wall leiomyomas in the English literature are limited. Before 2011, among the eight cases reported in the literature, only three cases were verified using IHC stain. Therefore, it may be reasonable to realize that the misdiagnoses occurred in our past practice. Abdominal wall leiomyoma and desmoid tumor are thought to be relatively minor diseases without much research interest, thereby limiting our understanding of their pathogenesis. In addition, the lack of preoperative systemic surveys of patients and the rare usage of IHC staining in previous case reports significantly increased the likelihood of misdiagnoses, as witnessed in the retrospective review of cases at our institutional study.
Over the years, many authors have reported that past history of C/S and uterine myotomy operations are both risk factors for the development of leiomyomas. [3, 4, 12] This is theoretically attributed to the uterine smooth muscle tissue being ectopically implanted into the adjacent structures during surgery, hence growing to form tumors in many sites such as the broad ligaments, ovaries, vagina, and inferior vena cava. Thus, previous claims of C/S being a risk factor for the development of abdominal leiomyomas maybe solely based on histological diagnosis using H and E staining (as opposed to IHC stain), which may be inaccurate. However, such a claim would need more case reports and studies with a larger sample population to be confirmed. [13] [14] [15] [16] It is difficult to differentiate between desmoid tumors and leiomyomas by cell morphology; however, IHC stain (which stains for smooth muscle actin) can offer a definite diagnosis. [3] In our study, there was a misdiagnosis of desmoid tumor as abdominal wall leiomyoma because of using H and E staining only. It is because IHC was not available at our institute at that moment. More advanced, molecular diagnosis should be applied in selective cases. On the molecular level, desmoids are characterized by mutations in the catenin gene, CTNNB1, or the adenomatous polyposis coli gene (APC). Proof of a CTNNB1 mutation may be useful when the pathological differential diagnosis is difficult and location might be predictive of disease recurrence. [17] Preoperational biopsy should be performed in cases with uncertain diagnosis. Retrospective revision of final diagnosis does not make any sense and could not help the patients. Furthermore, it is crucial to rule out any systemic disease association, as the management of leiomyomas and desmoid tumors in such instances can be very complicated. Patients with desmoid tumors should be thoroughly investigated for FAP, including family history, examination for polyps in the gastrointestinal tract, as well as APC gene mutations because patients with FAP have an increased risk for developing colorectal cancer during their early adult life. [8] Similarly, abdominal wall leiomyomas can be part of a systemic disease or syndrome such as HLRCCS, LPD, and HIV infection. [8] On CT, leiomyomas are typically well defined with strong enhancement after contrast administration, but desmoid tumors may be hypodense, isodense, or hyperdense to muscle densities both before and after contrast administration; the nonspecific appearance of desmoid tumors on CT scan may make this modality less useful. [5, 12, 18, 19] On the other hand, using MRI, leiomyomas usually appear isointense on T1-weighted images (T1WIs) and with low signal intensity on T2-weighted images (T2WIs) as compared to the myometrium. [20] The MRI appearance of desmoid tumors varies according to their three stages as described by Vandevenne et al. At the first stage, desmoid tumors have low signal intensity on T1WI and predominantly high signal intensity on T2WI. At the second stage, they become more heterogeneous in signal intensity on T2WI by increased low signal intensity parts. The presence of high signal intensity of desmoid tumors in Stage I or II differs from the low signal intensity of leiomyomas on T2WI. At the third stage, desmoid tumors have low signal intensity on both T1WI and T2WI, in contrast to isointense appearances of leiomyomas on T1WI. [5, [21] [22] [23] In order to clarify these two diseases in clinic, we summarized the similarities and differentiations of desmoid tumor and abdominal wall leiomyoma in Table 2 . We also proposed an algorithmic approach to help the management of these two diseases [ Figure 5 ]. It addresses the presentation, differentiation, and detailed management of both tumors. The algorithm is meant to provide a simple and clear method of differentiation between these two tumors and provide a general guidance for their management. Upon encountering an abdominal wall tumor, desmoid tumors should always be in the differential diagnosis.
Nevertheless, the differentiation between desmoid tumor and abdominal wall leiomyoma as well as the elimination of other associated systemic diseases should be performed routinely. This can be established through imaging via MRI. If MRI is not accessible, preoperative fine-needle aspiration or incisional biopsy should be performed (for H and E stains, and optional IHC staining to rule out the presence of muscular actin). In addition, every patient should undergo a thorough preoperative systemic survey to rule out any associated systemic diseases and syndromes that these tumors can be part of them.
The limitation of this article is small number of patients; a lot of clinical data were unavailable because the patients were traced retrospectively and the diseases were thought to be of minor intensity. Besides, although from literature review we identified that MRI can efficiently differentiate between these two diseases, the MRI study was scarce in our series. Although this is a retrospective study and we found that the previous interventions between these two diseases are the same, we found that these two diseases have a possible link to other systemic diseases and the misconduct may become the disaster toward the patient. Furthermore, complications were not present in our series; even though the cases overturn the diagnosis after IHC stain confirmation, we still prefer more detailed systemic studies for these two diseases for the accurate diagnosis and treatment in future.
CONCLUSION
While patients are diagnosed with leiomyomas or desmoid tumors, IHC stain and MRI can be considered to differentiate the diagnosis of the two morphologies -similar tumors -whenever possible. It is important to differentiate 
